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(57) ABSTRACT 

A fuel cell power generating apparatus includes a stack of a 
plurality of fuel cell units each having a cathode and an 
anode disposed on opposite sides of an electrolyte mem- 
brane. A fuel gas supply system supplies fuel gas to the 
anode, an air supply system supplies air to the cathode and 
a water supply system supplies liquid water to the cathode. 
A control unit ensures that, when the apparatus starts up, the 
cathode is first supplied with air, followed by supply of the 
liquid water. In a preferred embodiment, the water supply 
system intermittently sprays the liquid water onto the cath- 
ode when the temperature of the fuel cell stack monitored by 
a temperature sensor falls below a predetermined tempera- 
ture. 

10 Claims, 7 Drawing Sheets 
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FUEL CELL SYSTEM need to install a humidifier for humidifying the air supplied 

to the cathode. 

BACKGROUND OF THE INVENTION During operation of the fuel cell system, electrons pro- 

1 Field of the Invention duced at the anode move to the cathode where they react 

" . „ A , 5 with oxygen in the air or any other oxidizing gas supplied 

The present invention relates to a fuel cell system and ^ mQ to duce water Accovdin l m accordance with 

more particularly to a fuel cell system using a proton the conventional practice in the art, there is a greater need to 
exchange membrane as an electrolyte. hydrQgen gas {Q be tQ ^ anode> than ^ 

2. Description of the Prior Art the cathode where supply of water is at least partially 

A proton exchange membrane fuel cell comprises a proton 10 self-sustaining, 

exchange membrane (PEM) between two electrodes that is As a result of the inventors' repeated tests and 

a cathode to which an oxidizing gas is supplied and an anode investigation, however, it has been found that water pro- 

to which fuel gas is supplied. PEM acts as an electrolyte and duced at the cathode permeates through the PEM electrolyte 

transports therethrough hydrogen ions obtained at the anode toward the anode, which makes it unnecessary to humidify 

of the fuel cell toward the cathode in the form of proton 15 hydrogen gas to be supplied to the anode. On the other hand, 

(FT). Each of the electrodes comprises a catalyst layer the quantity of water in the PEM electrolyte at the cathode 

deposited on a porous base member through which the tends to be decreased by the air flow to the cathode. Such 

reactant gas is supplied. Mounted externally of each elec- finding is contradictory to the conventional understanding 

trode is a separator or connector plate with grooves permit- and has been first recognized by the present inventors, 

ting the reactant gas to be introduced into the electrode at a 20 

constant flow rate. Excess gas which has not been consumed SUMMARY OF THE INVENTION 

by the fuel cell reaction is exhausted to the open air through It is an object of the present invention t0 provide a ^ 

the grooved separator. The electricity generated by the ^ system ^ based on me above-described finding, which is 

energy conversion reaction at the anode is collected at the capa51e of maintainmg a proton exchange membrane in a 

electrode porous base member and transported to the outside 25 su i ta bi v condition 

of the fuel cell system through the separator. In actual A , . , . . . „ , , 

.... \ * * j ii* r n. i .1 Another object of the present invention is to provide a fuel 

application, the system includes a plurality of fuel cells . * • « . . , . , „ . 

V. , . - » . t t • . cell system which is simple in construction, small in size, 

which are stacked in series with the separator being inter- \ . , t1 j *t. # *• i 1 •* li * i_ 

, . ,. .1-111 & easy to install and, therefore, particularly suitable to be 

posed between adjacent tuel cells. t , . . . J 

r J „ mounted on a vehicle. 

Since the fuel cell generates heat in correspondence to toe 30 Stffl object of the present invention is t0 smoothl 

electee power generated, a fuel cell stack usually includes and effectivel humidif an el6Ctro i yte membrane m a fu 6 ] 

cooling p ates be ween fuel cells at predetermined I intervals ^ Um dufi ^ s ^ of , he em 

Each cooling plate has a passage of a cooling medium such * ,. , , . . • , \ , 

as air and water to prevent overheating of fuel cells in Accordingly, the present invention provides a fuel cell 

o ration 35 system in which water is supplied to the surface of the 

, , , . „ , , cathode, not in a vapor state, but in a liquid state. Thus, the 

Protons are hydratedin transfer through the PEM ^ ^ tem of ^ „, mveatioQ comprises one or 

electrolyte so that the PEM tendsto become dehydrated as more ftld ^ each havi m a cathode ^ M 

the fuel cell reaction proceeds. The PEM must always be electrolyte memb rane interposed between the anode and the 

properly humidified to prevent decrease of ion-conductivity ^ aSbo ^ first means for supplying a first gas 

and energy conversion efficiency. In the conventional including fuel gas to the anode; second gas supplying meaos 

designs, hydrogen gas is humidified by suitable means for snpplvi a ^nd gas including oxygen to the cathode; 

which, in turn, humidify the PEM when it is supplied to the Uquid water supplying melns for supplying liquid water to 

ano e " the surface of the cathode; and control means for controlling 

Various attempts have also been proposed to humidify the 45 operation of the second gas supplying means and the liquid 

air supplied to the cathode. Since the cathode of the fuel cell water supplying means such that, when the system starts up, 

operates at 80° C, for example, the air of a normal tem- the cathode first received supply of the second gas, followed 

perature should be preheated by a humidifier so that its by supply of the liquid water. Liquid water supplied onto the 

saturated vapor becomes consistent with the ambient vapor surface of the cathode may preferentially take latent heat 

condition of the cathode. Such a humidifier that is required 50 fi om me air around the cathode to prevent water evaporation 

to have both a water supplying function and an air preheat- f rom t he electrolyte membrane which, therefore, remains in 

ing function can not be simple in construction. a suitably and evenly moist condition. This contributes to 

In Japanese patent un-examined publication No. 7-14599, improvement of capacity and durability of the fuel cell 

there is provided a water injection nozzle to inject a neces- system. Supply of the liquid water is also effective to cool 

sary quantity of water into an air introducing pipe through 55 the cathode which would otherwise become overheated to an 

which air is supplied to the cathode of the PEM fuel cell, excessive temperature, which means that the temperature of 

Since the nozzle is located upstream of a compressor, liquid the fuel cell of the present invention may be controlled 

water injected from the nozzle is evaporated by the heat without need to use cooling plates. 

generated by the compressor. Thus, the cathode is humidi- In accordance with the above aspect of the present 

fied by vapor, not by liquid water. 6 o invention, the liquid water supplying means may supply the 

In the fuel cell system of Japanese patent un-examined liquid water continuously during start-up operation of the 

publication No. 9-266004, a discharge gas from the anode system. In a modified application, the liquid water supplying 

containing hydrogen gas which has not been consumed means supplies the liquid water for a predetermined period 

during the anodic reaction is introduced into the- cathode during start-up operation of the system. Accordingly, the 

where the unconsumed hydrogen gas in the discharge gas is 65 electrolyte membrane, which could have become too dry to 

combusted with oxygen to generate water, which well provide its original performance after a long time interval 

humidifies the PEM electrolyte. In this system, there is no from the last operation of the fuel cell system, is readily 
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humidified. The liquid water supplied by the liquid water 
supplying means is well dispersed onto the surface of the 
cathode by the flow of the first gas such as the air supplied 
by the second gas supplying means. 

In accordance with another aspect of the present 
invention, there is provided a fuel cell system comprising 
one or more of fuel cells each having an anode, a cathode 
and an electrolyte membrane interposed between the anode 
and the cathode; first gas supplying means for supplying a 
first gas including fuel gas to the anode; second gas sup- 
plying means for supplying a second gas including oxygen 
to the cathode; liquid water supplying means for supplying 
liquid water onto the surface of the cathode; sensor means 
for detecting water supply capacity of the liquid water 
supplying means at least when the system starts up; and 
control means for discontinuing or interrupting operation of 
the system when the sensor means detects that water supply 
capacity of the liquid water supplying means has decreased 
to below a predetermined minimum level. In a preferred 
embodiment, the liquid water supplying means includes a 
water tank, the sensor means comprises a water level sensor 
that detects a water level in the water tank, and the control 
means discontinues or interrupts the system operation when 
the water level in the water tank detected by the water level 
sensor is decreased to below a predetermined minimum 
water level. In another preferred embodiment, when the 
water supply capacity of the liquid water supplying means is 
found to be below a predetermined minimum level, the 
control means outputs a signal to alarm means that outputs 
some visual or audible alarm sign to urge an operator of the 
system to supplement liquid water to the liquid water 
supplying means. 

In accordance with still another aspect of the present 
invention, there is provided a fuel cell system comprising 
one or more fuel cells each having an anode, a cathode and 
an electrolyte membrane interposed between the anode and 
the cathode; fuel gas supplying means for supplying a fuel 
gas to the anode; fuel gas discharge means for discharging 
the fuel gas from the anode; and control means for control- 
ling the fuel gas supplying means and fuel gas discharge 
means such that, when the system starts up, the fuel gas 
discharge means is opened for a predetermined period and 
then closed. The gas supplying means starts continuous 
supply of the fuel gas after opening the fuel gas discharge 
means. When the fuel gas supplying means comprises a 
hydrogen storing alloy such as LaNi 5 , TiFe, ZrMn^, Mg 2 Ni 
which produces hydrogen gas when heated, the maximum 
internal pressure in the fuel gas supplying means may 
exceed the pressure -proof capacity of the fuel cell. For this 
reason, the fuel gas supply passage from the hydrogen 
storing alloy tank to the anode of the fuel cell includes a 
valve that is opened under control to reduce the hydrogen 
gas pressure. However, when the tank is first opened, 
irrespective of operation of the valve, an extraordinarily high 
pressure could be applied to the fuel cell, which could cause 
serious damage to the electrolyte membrane. This is pre- 
vented by the above aspect of the present invention in which, 
even if an extraordinarily high pressure is applied to the fuel 
cell at the time when the tank is first opened, it is smoothly 
discharged through the fuel gas discharge means to the open 
air. 

In the above aspect of the present invention, it is prefer- 
able to provide liquid water supplying means for supplying 
liquid water to the surface of the cathode, which is con- 
trolled by the control means to start supply of the liquid 
water to the surface of the cathode before opening the fuel 
gas discharge means. 
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In accordance with still another aspect of the present 
invention, there is provided a fuel cell system including one 
or more fuel cells each having an anode, a cathode and an 
electrolyte membrane interposed between the anode and the 

5 cathode; first gas supplying means for supplying a first gas 
including fuel gas to the anode; second gas supplying means 
for supplying a second gas including oxygen to the cathode; 
liquid water supplying means for supplying liquid water to 
the surface of the cathode; sensor means for detecting a 

10 temperature of gas discharged from the fuel cells; and 
control means responsive to detection by the sensor means 
to control operation of the liquid water supplying means 
such that the liquid water is supplied to the surface of the 
cathode only when the sensor means detects that the dis- 

15 charge gas from the fuel cells has a temperature below a first 
predetermined temperature while the system is in operation. 
This minimizes energy consumption by the liquid water 
supplying means and improves energy efficiency in the 
overall fuel cell system. In a preferred embodiment, the 

20 liquid water supplying means operates to continuously sup- 
ply liquid water to the surface of the cathode when the 
sensor means detects that the discharge gas from the fuel 
cells has a temperature above the first predetermined tem- 
perature but still below a second predetermined temperature. 

25 In a more preferred embodiment, the control means inter- 
rupts operation of the system when the sensor means detects 
that the discharge gas from the fuel cells has a temperature 
above the second predetermined temperature. 

In accordance with still another aspect of the present 

30 invention, there is provided a fuel cell system comprising 
one or more of fuel cells each having an anode, a cathode 
and an electrolyte membrane interposed between the anode 
and the cathode, including a fuel gas passage extending 
through the anode; fuel gas supplying means for supplying 

35 a fuel gas to the fuel gas passage; interruption means for 
closing the fuel gas passage while it is filled with the fuel gas 
supplied by the fuel gas supplying means; and pressure loss 
sensor means for detecting a pressure loss in the fuel gas 
passage. This aspect of the present invention is based on 

40 finding that there is a tendency of fuel gas to leak through the 
electrolyte membrane as it deteriorates with time. 
Accordingly, when an excessive degree of pressure loss in 
the fuel gas passage is detected by the sensor means, it may 
be inferred that the electrolyte membrane has deteriorated to 

45 the extent that it should be replaced with a fresh one. 

In the preferred operation, the output of the fuel cells is 
connected to an external load when the output voltage 
detected by an output voltage sensor means satisfies prede- 
termined conditions. This prevents an excessive load from 

50 being applied to the fuel cells and, therefore, prevents 
deterioration of the fuel cells and damage to the electrolyte 
membrane. It is preferable that the predetermined conditions 
include not only the total output voltage of the fuel cell stack 
but also the output voltage of a single unit fuel cell or a 

55 couple or series of fuel cells. By way of example, the fuel 
cells are connected when the output voltage of a single unit 
fuel cell or a predetermined series of fuel cells reaches a first 
predetermined level (8V, for example) and the total output 
voltage of the fuel cell stack reaches a second predetermined 

60 level (38V, for example). 

In accordance with still another aspect of the present 
invention, there is provided a fuel cell system comprising 
one or more fuel cells each having an anode, a cathode and 
an electrolyte membrane interposed between the anode and 

65 the cathode; fuel gas supplying means for supplying a fuel 
gas to the anode; fuel gas discharge means for discharging 
the fuel gas from the anode; and stop control means for 
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interrupting output from the fuel cells, then closing the fuel that allow air to flow therethrough in contact with cathode 3, 

gas supplying means and then closing the fuel gas discharge whereas separator 7 has a plurality of transversely extending 

means. This minimizes the quantity of the fuel gas still hydrogen gas flow passages 9 that allow hydrogen gas to 

remaining after the fuel cell operation is discontinued and flow therethrough in contact with anode 4. In stack 2 of this 

prevents excessive post fuel cell reaction which would 5 example, several fuel cell units U are coupled in series as 

deteriorate the fuel cells. More preferably, supply of air and shown in FIG. 3 to constitute fuel cell groups G1-G5, the 

water to the cathode is interrupted after the fuel gas dis- °*P* volume of which is detected by voltmeters 761-765. 

charge means is closed, which suppresses heat generation by ™ e overafl output voltage from stack 2 is detected by a 



post fuel cell reaction. 



voltmeter 76. 

, . „, , lri Fuel gas supply system 10 comprises a fuel gas induction 

In accordance with still another aspect of the present w m Wa and a ^ gaj . system 10b Fllel gas 

invention, there is provided a fuel cell system including one iodalidon system 10 mc i u des a hydrogen adsorptive alloy 11 

or more of fuel cells each having an anode, a cathode and an aQd a hydrogen gas passage 2 0 through which 

electrolyte membrane interposed between said anode and hydrogen gas released bom the hydrogen adsorptive alloy 

said cathode; first gas supplying means for supplying a first u ^ supplied to hydrogen gas flow passages 9 at anodes 4 

gas including a fuel gas to said anode; fuel gas discharge is of respective ^ ^ units v in stack 2 Passage 20 has a 

means for discharging said fuel gas from said anode; second pressure control valve 2 \ that is controlled to regulate and 

gas supplying means for supplying a second gas including reduce ^ pressure of hydrogen gas from hydrogen adsorp- 

oxygen to said cathode; liquid water supplying means for tive ^ u ^ electromagnetic valve 23 that is controlled 

supplying liquid water to the surface of said cathode; and tQ ^ dose 20> and a essufe sensor of 

control means for controlling operation of said system such 20 ^.^^ construclion mat detects th e pressure of hydro . 

that, when said system is to be slopped, said first gas supplied to anodes 4 in stack 2. 

supplying means, then said fuel gas discharge means and Hydrogen gas discharge system 10 includes a hydrogen 

then said liquid water supplying means are stopped in this gag disch 6 arge % assage 30 ^ a check valve 31 iad M 

or er ' 25 electromagnetic valve 33. Check valve 31 permits one-way 

BRIEF DESCRIPTION OF THE DRAWINGS fiow in passage 30 and prevents entry of atmospheric air 

to anodes 4 in stack 2. Hydrogen gas which has not been 

The foregoing and other objects and features of the consumed and remains at anodes 4 in stack 2 is discharged 

present invention will become apparent from the following through passage 30 to the open air. Electromagnetic valve 33 

description when read in conjunction with the accompany- ^ ^ intermittently driven to discharge water which is produced 

ing drawings in which: by reaction or combustion between hydrogen gas discharged 

FIG. 1 is a schematic view diagrammatically showing the through passage 30 from anodes 4 and air introduced from 

structure of a fuel cell power generating apparatus embody- the atmosphere, which occurs in a catalytic combustor also 

ing the present invention; mounted in passage 30, though not shown in FIG. 1. 

FIG. 2 is a schematic view showing the single fuel cell 35 Air supply system 40 introduces the atmospheric air to air 

structure in the apparatus shown in FIG. 1; flow passage 8 at cathodes 3 of respective fuel cell units U 

FIG. 3 is a schematic view showing the fuel cell stack m stack 2 > and thcn discharges air from stack 2 to the open 

including a plurality of single fuel cells each having the air through condenser 51 where water is separated from the 

structure of FIG 2* discharged air. System 40 includes an air supply passage 41, 

™„ j . 11 1 • , , , n 4U An with a fan 43, through which the atmospheric air is supplied 

FIG. 4 is a block diagram showing a control system of the ™ , . . . % * j u * 1 i a *u 

a aratus of FIG 1* n MX mtake mam f°"i mounted above stack 2, and then 

W ' 9 flows through air flow passage 8. In this embodiment, one or 

FIG. 5 is a flowchart showing the start-up control opera- morc of nozzles 55 are mcnmted on one or both of side walls 

tion of the apparatus of FIG. 1; of ^ intake manifold 45 f or spraying liquid water into the 

FIG. 6 is a flowchart showing the normal control opera- 45 au - flowing through manifold 45. Most of the sprayed water 

tion of the apparatus of FIG. 1; and reaches condenser 51 still in the liquid state, but a portion 

FIG. 7 is a flowchart showing the stop control operation thereof evaporates during flowing through stack 2, which 

of the apparatus of FIG. 1. portion is condensed by condenser 51 to collect liquid water. 

The discharge air from cathode 3 may include vapor gen- 

DETAILED DESCRIPTION OF THE 5o erated by ^ cell reactiori m stack 2 , which is also treated 

PREFERRED EMBODIMENT 5y condenser 51 to collect liquid water. In this embodiment, 

FIG. 1 diagrammatically shows the structure of a fuel cell condenser 51 has a conventional heat exchanger and a 

power generating apparatus 1 according to an embodiment cooling fan (both not shown) but of course may be of any 

of the present invention, which comprises, in general, a design. The temperature of discharge gas from stack 2, 

proton exchange electrolyte fuel cell stack 2, a fuel gas 55 which should be equivalent to the stack temperature, is 

supply system 10, an air supply system 40 and an output monitored by a temperature sensor 47. 

system 70. Water supply system 50 is a closed system in which water 

Fuel cell stack 2 comprises a plurality of single fuel cell in a tank 53 is supplied to air intake manifold 45 through 

units U connected in series. Shown in FIG. 2 is a structure nozzles 55 and return water from condenser 51 to tank 53. 

of single fuel cell unit U which, as known in the art, 60 A water level in tank 53 is constantly monitored by a water 

comprises an air electrode or cathode 3, a fuel electrode or level sensor 56 of a floating type, for example. To prevent 

anode 4, and an electrolyte membrane 5 interposed therebe- freezing of water in tank 53, a heater 57 and an electromag- 

tween. Separators 6, 7 are provided at both sides of cathode netic valve 58 are provided. Another electromagnetic valve 

3 and anode 4, respectively, and separate adjacent fuel cell 60 is mounted in a conduit connected between condenser 51 

units. Although single fuel cell units U may have various and 65 and tank 53 to prevent evaporation of water in tank 53. 

different structures, in the example of FIG. 2, separator 6 has Water in tank 53 is pumped up by a pump 61 and supplied 

a plurality of longitudinally extending air flow passages 8 to nozzles 55 which continuously or intermittently sprayed 
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water onto the surface of cathodes 3 in stack 2. The sprayed predetermined range, for example 20-90 Kpa ("No" at SIS), 

water will preferentially take latent heat from cathode 3 and, the start-up control operation is terminated and the stop 

therefore, prevent water evaporation or dehydration of elec- control operation begins with the routine of flowchart of 

trolyte membrane 5 which remains in a properly moist FIG. 7 to be described later, and alarm lamp 160 is turned on 

condition. The sprayed water will also cool cathode 3 to 5 to urge inspection and repair of hydrogen gas induction 

automatically control the temperature of stack 2, No addi- system 10a. 

tional cooling medium is required. I n normal control operation, hydrogen gas to be supplied 

Output system 70 receives the output from stack 2 to drive to stack 2 is regulated to have a pressure of 50-60 Kpa by 

a motor 77. Output system 70 includes a switch relay 71, a pressure control valve 21. When the pressure detected at S18 

battery 75 and a rectifying diode 73 between relay 71 and 10 is below 20 Kpa, there is a probability of leakage of 

battery 75. Battery 75 is provided as an auxiliary power hydrogen gas due to insufficient sealing at some location in 

source which supplies power to motor 77 when stack 2 hydrogen gas induction system 10a. When the pressure 

becomes inoperative during driving of a vehicle. When detected at SI 8 exceeds 90 Kpa, there is a probability of 

motor 77 is driven only by battery 75, this is made known malfunction of pressure control valve 21. Electrolyte mem- 

to the driver through visual or audible information means 15 brane 5 may suffer serious damage if hydrogen gas of a 

such as a display (not shown). In a preferred embodiment, pressure exceeding 90 Kpa should be supplied to stack 2, 

the display also indicates the remaining battery time. Comparison of the detected gas pressure with the refer- 

FIG. 4 shows a control system 150 of apparatus 1 in which ence pressure range at S18 is carried out at a predetermined 

the respective constituents are assigned the same numbers as interval (for example, 100 ms) in response to a clock 

shown in FIG. 1. A control unit 151 has a CPU 153 and a 20 frequency of control unit 151. In practice, "NO" is deter- 

memory 155. CPU 153 is connected to the respective mined at S18 when the results of three consecutive com- 

constituents through interfaces (not shown) and control parisons give the same extraordinarily low or high hydrogen 

operation thereof in accordance with control programs in gas pressure, to exclude any noise in the electric signal from 

memory 155 to execute the following control operation. sensor 25. Although not specifically described, the following 

Referring now specifically to the flowchart of FIG. 5 25 ste I>s ma y include some countermeasure to the influence of 

showing the start-up control operation of apparatus 1, when noise. 

apparatus 1 is to be started up, at first, fan 43 is driven to The control routine awaits 10 seconds after opening valve 

begin supplying air to air intake manifold 45, at Sll. Next, 23 at S19 and compares the detected pressure with 10 Kpa 

at S12, it is determined if the current water level in tank 53 3Q at S20. Since hydrogen gas supplied to anode 4 is consumed 

monitored by sensor 56 is higher than a predetermined level, by reaction with oxygen in the air supplied to cathode 3, the 

which may be 10% of the maximum capacity in tank 53. partial pressure of hydrogen in hydrogen gas induction 

When the current water level is below the predetermined system 10a tends to decrease with time. However, if the 

level, the start-up control operation is terminated and the pressure is rapidly decreased to below 10 Kpa in 10 seconds, 

stop control operation begins with the flowchart of FIG. 7 to 35 there is a probability of gas leakage due to deterioration of 

be described later. Alarm lamp 160 is lit to urge water electrolyte membrane 5. If such a pressure drop is deter- 

supplement into tank 53. mined at S20, apparatus 1 is compulsorily stopped in accor- 

When tank 53 has a suf&cient quantity of water, the dance with the flowchart of FIG. 7 to be described later, and 

procedure is advanced to S13 where pump 61 is driven for ^arm lamp 160 is lit. Any gas leakage from another location 

over 10 seconds to allow nozzles 55 to inject water into air ^ ^ detected at S18. 

intake manifold 45. As described before, the sprayed water When no gas leakage through membrane 5 is detected 

keeps electrolyte membrane 5 in a properly moist condition. ("NO" at S20), the procedure is advanced to S21 where 

Accordingly, it is possible to prevent damage to electrolyte induction valve 23 is again opened. While keeping induction 

membrane 5 which might otherwise occur due to reaction or valve 23 in its open state, discharge valve 33 is controlled 

combustion when hydrogen gas is supplied to anode 4. 45 such that it is opened for 1 second, followed by closing for 

When apparatus 1 has been at standstill for a long period 2 seconds, which is repeated over 60 seconds, at S22. During 

of time, some quantity of air in cathode 3 could permeate to such operation, it is determined if the output voltage from 

anode 4 through electrolyte membrane and then flow into stack 2 satisfies first predetermined output conditions, at 

passage 9, which quantity of air should be replaced with s23 - When the first predetermined output conditions have 

hydrogen gas. A safeguard operation is carried out through 50 been satisried > the procedure is advanced to the normal 

S14-S17 so that hydrogen gas flow passages 9 in the operation in accordance with the flowchart of FIG. 6. If not, 

respective anodes 4 of stack 2 are all filled with hydrogen apparatus 1 is taken out of operation in accordance with the 

gas. More particularly, hydrogen gas discharge valve 33 is flowchart of FIG. 7 to be described later, and alarm lamp 160 

opened at S14 and, immediately thereafter, electromagnetic ^ ut - 

valve 23 is opened at S15. Since valve 33 has already been 55 The first predetermined output conditions may be, for 

opened when hydrogen gas is supplied through valve 23, a example, as follows: 

momentary gas pressure in hydrogen gas supply system 10 (1) output voltage from Stack 2>first predetermined volt- 
may be discharged to the open air to prevent damage to the age; and 

electrolyte membrane 5. Valve 33 remains open for 3 (2) each output voltage from fuel cell group 

seconds, during which time valve 23 is opened, and then 60 Gl-G5>second predetermined voltage. When both of 

closed at S16. Valve 23 remains open for 5 seconds and is conditions (1) and (2) are fulfilled, the determination at 

then closed at S17. Through S14-S17, any air may be S23 is "YES" which allows apparatus 1 to run in 

purged, not only from passages 9 in stack 2, but also from accordance with the normal operation flowchart of FIG. 

hydrogen gas induction system Wa. 6 wheQ e i ther or botn of conditions (1) and (2) is not 

Immediately after opening valve at S17, the pressure of 65 fulfilled, "NO" results at S23 to stop apparatus 1 in 

hydrogen gas in induction system 10a is detected by sensor accordance with the stop control operation flowchart of 

25 at S18. When the pressure detected is not within a FIG. 7. 
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The normal operation is carried out in accordance with the 
flowchart of FIG. 6 which starts with S31 where relay 71 is 
turned on to connect the output voltage from stack 2 to 
motor 77. The output voltage at this time is detected by 
voltmeter 76 and compared with a reference voltage of 35V, 
for example, at S32. When the detected output voltage is 
below 35V ("NO" at S32), which means that a sufficient 
power to drive motor 77 has not yet been obtained, apparatus 
1 is stopped in accordance with the stop operation flowchart 
of FIG. 7 and alarm lamp 160 is lit. When the detected 
output voltage is greater than 35V ("YES" at S32), hydrogen 
gas discharge valve 33 is opened for 2 seconds, and then 
closed for 58 seconds, at S33-S37, then followed by the 
determination at S38. Unless S38 produces a "YES" result, 
operation through S33-S37 is repeated so that fuel gas 
discharge system 10£ is opened for 2 seconds in every 1 
minute. 

At S38, the output voltage from stack 2 detected when 
discharge valve 33 is opened at S36 is compared with second 
predetermined output conditions which, in this embodiment, 
is represented by the following inequality: 

each output voltage from fuel cell group Gl-G5>third 
predetermined voltage 
When all of the output voltages from groups G1-G5 exceed 
the third predetermined voltage, it is determined that the 
output voltage satisfies the second predetermined output 
conditions ("YES" at S38) to continue the normal operation 
of the flowchart of FIG. 6. If at least one of the output 
voltages from groups G1-G5 does not reach the third 
predetermined voltage, the result of the determination at S38 
is "NO" to stop operation of apparatus 1. 

Operation through S39-S41 determines if a sufficient 
quantity of hydrogen gas has been supplied to hydrogen gas 
induction system 10a, which is substantially the same as 
operation through S16^S18 of the flowchart of FIG. 5, the 
description of which is incorporated here. 

At S42, it is determined if the discharge gas temperature 
is below 50° C. When the discharge gas temperature which 
should be substantially equal to the stack temperature 
remains below 50° C, operation through S43-S46 is 
repeated until there is an input of a stop signal at S47. 
Through S43-S46, pump 61 is turned on and off to inter- 
mittently inject water from nozzles 55 onto the surface of 
cathode 3 for 3 seconds at every 10 second interval. When 
the detected discharge gas temperature exceeds 50° C. 
("NO" at S42), the procedure is advanced to S48 where the 
detected discharge gas temperature is compared with 
another higher reference temperature of 70° C, in this 
embodiment. When the discharge gas temperature exceeds 
70° C. ("NO" at S48) which suggests some extraordinary 
reaction or malfunction in apparatus 1, apparatus 1 is caused 
to stop and alarm lamp 160 is lit. When the discharge gas 
temperature is higher than 50° C. but lower than 70° C. 
("YES" at S48), pump 61 is driven continuously over 10 
seconds, through S49-S51, to cool stack 2 more actively 
than in the intermittent water supply mode carried out by 
operation through S43-S46. When the operator turns off the 
ignition key to generate the stop command signal at S47 or 
S52, control unit 151 stops apparatus 1. 

Referring specifically to the flowchart of FIG. 7, the stop 
control operation begins with S61 where relay 61 is turned 
off to disconnect stack 2 from motor 77. Then, hydrogen gas 
supply valve 23 is closed at S62 and hydrogen gas discharge 
valve 33 is closed at 563. This order of operation will 
minimize the quantity of hydrogen gas still remaining in 
apparatus 1 after it is stopped, which would be used in the 
post reaction. Fan 64 is turned off at S64 after supply of 
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hydrogen gas is interrupted, which facilitates the cooling of 
electrolyte membrane 5. Then, pump 61 is turned off to 
interrupt water supply to stack 2 at S65. Finally, a power 
switch to control unit 151 is turned off at S66. 

5 Although the present invention has been described in 
conjunction with specific embodiments thereof, it is to be 
understood that it is capable of considerable variation and 
modification without departure from the scope of the 
appended claims. For example, the water spray nozzle is 

1Q preferably mounted in the air intake manifold at the cathode 
but may be provided at any location and at any distance from 
the cathode, so long as it can supply liquid water to the 
cathode. When the fuel cell system is installed at factory or 
home, it may be connected to municipal waterworks so that 
city water is supplied to the cathode. 

15 What is claimed is: 

1. A fuel cell system comprising: 

one or more fuel cells each having an anode, a cathode 
and an electrolyte membrane interposed between said 
anode and said cathode; 
20 first gas supplying means for supplying a first gas includ- 
ing fuel gas to said anode; 
second gas supplying means for supplying a second gas 
including oxygen to said cathode; 
^ liquid water supplying means for supplying water in 
liquid state onto a surface of said cathode; 
sensor means for detecting a water supply capacity of said 
liquid water supplying means at least in start-up of said 
first gas supplying means; and 
30 control means for discontinuing or interrupting operation 
of said first gas supplying means responsive to detec- 
tion that the water supply capacity of said liquid water 
supplying means has decreased to below a predeter- 
mined minimum level. 
35 2. The fuel cell system according to claim 1 wherein said 
liquid water supplying means includes a water tank, and said 
sensor means comprises a water level sensor that detects a 
water level in said water tank. 

3. The fuel cell system according to claim 1 further 
40 comprising alarm means and wherein; when the water 

supply capacity of said liquid water supplying means 
detected by said sensor means is below a predetermined 
minimum level, said control means outputs a signal to said 
alarm means and said alarm means, responsive to said 
45 signal, outputs a visual or audible alarm to alert an operator 
of said system of a need to supplement the capacity of said 
liquid water supplying means. 

4. The fuel cell system according to claim 2 further 
comprising alarm means and wherein, when the water 

50 supply capacity of said liquid water supplying means 
detected by said sensor means is below a predetermined 
minimum level, said control means outputs a signal to said 
alarm means and said alarm means, responsive to said 
signal, outputs a visual or audible alarm to alert an operator 

55 of said system of a need to supplement the capacity of said 
liquid water supplying means. 

5. The fuel cell system according to claim 1 wherein said 
second gas supply means comprises an intake manifold 
above and spanning said one or more fuel cells and wherein 

60 said liquid water supply means comprises a plurality of 
nozzles mounted within said intake manifold. 

6. A fuel cell system comprising: 

one or more fuel cells each having an anode, a cathode 
and a proton exchange electrolyte membrane inter- 
65 posed between said anode and said cathode; 

first gas supplying means for supplying a first gas includ- 
ing fuel gas to said anode; 
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second gas supplying means for supplying a second gas 
including oxygen to said cathode; 

liquid water supplying means for supplying water in 
liquid state onto a surface of said cathode; 

control means for controlling start-up of said system so 
that said liquid water supplying means supplies water 
onto the surface of said cathode in the liquid state 
before start of supply of said first gas to said anode. 

7. The fuel cell system according to claim 6 wherein said 
second gas supply means comprises an intake manifold 
above and spanning said one or more fuel cells and wherein 
said liquid water supply means comprises a plurality of 
nozzles mounted within said intake manifold. 

8. A fuel cell system comprising: 

one or more fuel cells each having an anode, a cathode 
and a proton exchange electrolyte membrane inter- 
posed between said anode and said cathode; 

first gas supplying means for supplying a first gas includ- 
ing fuel gas to said anode; 

second gas supplying means for supplying a second gas 
including oxygen to said cathode; 

liquid water supplying means for supplying liquid water 
onto a surface of said cathode; 



J4,277 Bl 

12 

a water tank for holding water for use by said liquid water 

supplying means; 
sensor means for detecting water level in said water tank; 

and 

5 first control means for controlling start-up operation of 
said first gas supplying means and said liquid water 
supplying means so that water is supplied onto the 
surface of said cathode in the liquid state before start of 
supply of said first gas to said anode; and 

10 second control means for discontinuing start-up operation 
of said first gas supplying means responsive to detec- 
tion of water level below a predetermined minimum 
level. 

9. The fuel cell system according to claim 8, further 
1 5 comprising alarm means for outputting a visual or audible 

alarm responsive to detection of a water level below a 
predetermined minimum level. 

10. The fuel cell system according to claim 8 wherein said 
second gas supply means comprises an intake manifold 

20 above and spanning said one or more fuel cells and wherein 
said liquid water supply means comprises a plurality of 
nozzles mounted within said intake manifold. 



10/22/2002, EAST Version: 1.03.0007 



